Identification of operational clues to dry weight prescription in hemodialysis using bioimpedance vector analysis  by Piccoli, Antonio & for the Italian Hemodialysis-Bioelectrical Impedance Analysis (HD-BIA) Study Group, 
Identification of operational clues to dry weight prescription in
hemodialysis using bioimpedance vector analysis
ANTONIO PICCOLI, FOR THE ITALIAN HEMODIALYSIS-BIOELECTRICAL IMPEDANCE ANALYSIS (HD-BIA)
STUDY GROUP1
Institute of Internal Medicine, Division of Nephrology, University of Padova, Padova, Italy
Identification of operational clues to dry weight prescription in hemo-
dialysis using bioimpedance vector analysis. In patients undergoing
hemodialysis (HD) cyclic body fluid changes are estimated by body weight
variations, which may be misleading. Conventional bioelectrical imped-
ance analysis (BIA) produces biased estimates of fluids in HD due to the
assumption of constant tissue hydration. We used an assumption-free
assessment of hydration based on direct measurements of the impedance
vector. The impedance vector (standard BIA at 50 kHz frequency) was
measured in 1367 HD patients, ages 16 to 89 years with BMI 17 to 31
kg/m2, 1116 asymptomatic (680 M and 436 F), and 251 with recurrent HD
hypotension (118 M and 133 F) before and after two HD sessions (thrice
weekly bicarbonate dialysis, 210 to 240 min) removing 2.7 kg fluid. The
vector distribution of HD patients was compared to 726 healthy subjects
with the same age and BMI range. Individual vector measurements
(resistance and reactance components) were plotted on the gender specific
50th, 75th and 95th percentiles of the vector distribution in the healthy
population (reference tolerance ellipses) as a resistance-reactance graph
(RXc graph). The wet-dry weight cycling of HD patients was represented
on the resistance-reactance plane with a definite, cyclical, backward-
forward displacement of the impedance vector. The vectors of patients
with HD hypotension were less steep and more often shifted to the right,
out of the reference 75% tolerance ellipse, than asymptomatic patients. A
wet-dry weight prescription, based on BIA indications, would bring the
vectors of patients back into the 75% reference ellipse, where tissue
electrical conductivity is restored. Whether HD patients with vector
cycling within the normal third quartile ellipse have better outcome awaits
confirmation by longitudinal evaluation.
In uremic patients undergoing hemodialysis (HD), estimating
body fluid changes by body weight variations often results in
bringing the patient to a point of reduced cardiovascular tolerance
to fluid removal.
All body composition methods quantify unknown components
using three measurable quantities (that is, properties, compo-
nents, and both) and two mathematical functions. Methods using
bioelectrical impedance analysis (BIA) are property-based meth-
ods [1]. Impedance is a measurable property of electrical ionic
conduction of soft tissues, as fat and bone are poor conductors
[2–4]. Whole-body impedance, a complex number represented in
the real-imaginary plane by the Z vector [2–4], is a combination of
resistance (R) (that is, the opposition to flow of an alternating
current through intra- and extracellular ionic solutions, represent-
ing the real part of Z) and reactance (Xc) (the capacitance
produced by tissue interfaces and cell membranes, representing
the imaginary part of Z) across tissues. The arc tangent of Xc/R is
called the phase angle (that is, the phase difference between
voltage and current, determined by the reactive component of R).
For a constant signal frequency, the electrical impedance of a
conductor (Ohm) is proportional to the specific impedivity
(Ohm 3 m) multiplied by the length (m) and divided by the cross
sectional area (m2) of the conductor. In simple biological conduc-
tors without cells (such as saline, urine, and ultrafiltrate) no Xc
value can be measured, and therefore specific impedivity becomes
specific resistivity (the real part of impedivity) [4]. In BIA studies,
the height (H) is used as a measure of the human conductor
length [2, 3]. Many conventional BIA predictions of total body
water (TBW) from H2/R, and also of fat-free mass from TBW
(fat-free mass 5 TBW/0.73), while requiring model assumptions,
are nevertheless accurate in healthy adults [1–3].
In HD patients, not only conventional BIA but also reference
methods like dual energy X-ray absorptiometry (DXA) can be
biased since for all methods based on nonchemical subordinate
relationships, violation of the assumption of fixed hydration
(73%) propagates errors in body compartment prediction [1–3, 5,
6]. For instance, in lean subjects, skinfold thickness was reduced
by 5% and DXA bone mineral density by 0.6% after hemodialysis
[7].
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We recently overcame the need of assumptions for BIA, using
direct measurements from the analyzer with the RXc graph
method [8], which can evaluate tissue properties in any clinical
condition. We used BIA on the standard 50 kHz frequency since
measurements of R and Xc at multiple frequencies, despite their
promising theory, did not provide any clinically significant im-
provement over measurements at only 50 kHz for the estimation
of extracellular water and TBW [2, 9–11]. In fact, in muscle the
current passes through the intracellular space even at low fre-
quencies since the current is mainly directed along the muscle
fibers, according to an electrical behavior more complex than in
suspended cells, where the extracellular or intracellular current
path predominates at low or high frequencies, respectively [2, 4].
In this study, we evaluated the performance of this new BIA
approach for interpreting the cyclic body weight variation and
determining optimal dry weight prescription in the HD patient.
METHODS
Study design
In 1996 a multicenter study was designed to establish first
whether the cyclic fluid repletion and removal was associated with
a definite BIA pattern that could be utilized in dialysis prescrip-
tion (cross-sectional study phase), and second whether different
BIA patterns were associated with different death risk levels over
a two-year follow-up period (1996 to 1998; the longitudinal
phase). Results concerning the cross-sectional evaluation of pa-
tients are reported.
Study populations
In April to September 1996 we studied 1489 patients (age range
16 to 89 years) undergoing chronic hemodialysis (HD) in Italy,
selected from 39 dialysis units participating in the Italian HD-BIA
Study Group. All patients had BIA measurements taken imme-
diately before and after each of two HD sessions conducted within
a week, making a total of 5956 BIA measurements. A random
order was assigned to the sequence of HD sessions for each
patient, one session after a short interdialysis period (48 hr) and
the other after the long interdialysis period (72 hr).
Healthy subjects. As reference normal group for BIA measure-
ments we considered 726 healthy Italian subjects, 354 men and
372 women [age 15 to 85 years, and body mass index (BMI) 17 to
31 kg/m2], who also participated in a previous study [12].
Hemodialysis patients
Inclusion criteria. Uremic patients, adult Caucasian of both
genders, undergoing ambulatory, standard chronic hemodialysis
(consisting of bicarbonate dialysis, 210 to 240 min thrice weekly)
from six months or more were eligible for the study. A sampling
grid was provided to centers in order to balance the sample size
for age within the gender (half above and half below 60 years). All
subjects gave their informed consent to the study.
Clinical classification of cases. A patient who is symptom-free
and achieves the prescribed target dry weight at the end of
treatment was defined as stable if no hemodynamic instability
(such as hypotension and hypertension access) was observed over
the prior three months. A patient with either symptomatic hypo-
tensive episodes or a systolic blood pressure nadir below 90 mm
Hg in 30% or more of sessions over the last three months (10 of
36 sessions or more), was defined as unstable. The HD prescrip-
tion was not modified during the study, no matter what BIA
results were obtained.
Exclusion criteria. Patients with cardiac (New York Heart
Association class III or more), pulmonary, or hepatic failure, with
cancer, or with previous kidney graft failure were not considered.
As for the reference healthy population, we excluded from
statistical analysis those HD patients with BMI values out of the
range 17 to 31 kg/m2. Therefore, a total of 1367 patients (5468
BIA measurements), namely 1116 stable and 251 unstable pa-
tients, were considered in this study.
Protocol variables
Age, dialytic age and height (H) were recorded the day of the
first BIA determination. Body weight immediately before and
after the HD sessions was recorded from a bed-balance scale. The
average BMI, obtained from the mean of pre- and post-dialysis
weight, was considered in patient classification for body mass.
Laboratory. Hemoglobin (Hb), albumin, and total plasma pro-
tein concentration were determined by routine methods in the
week of BIA measurements, before the HD session. The plasma
oncotic pressure was calculated from albumin and total protein
concentration [13].
Bioelectrical impedance analysis. In every center, BIA measure-
ments were conducted by the same operator using an impedance
plethysmograph that emitted 800 mA and 50 kHz alternating
sinusoidal current (BIA-101; RJL/Akern Systems, Clinton Twp,
MI, USA) and was connected to surface electrodes (standard,
tetrapolar placement on the hand and foot) strictly following the
method reported elsewhere [3]. Electrodes were placed on the
side free from vascular access and were not removed during the
HD session. The mean coefficient of variation was 1.5% for
paired, pre- and post-HD intraindividual repeated measurements.
According to the RXc graph method (see below), we standardized
BIA measurements by the H of the subjects, thus expressing both
R/H and Xc/H in Ohm/m.
Statistical methods
The programs of the statistical package BMDP [14] were used
for standard calculations, including the Student’s t-test, the Ho-
telling’s T2 test for vector analysis (Program 3D), the linear
correlation coefficient r (Program 6D), the X2 test (Program 4F),
and the analysis of covariance (Program 1V).
The resistance-reactance graph method
Group vector analysis. Using the bivariate normal distribution
[15, 16] of R/H and Xc/H, we calculated the bivariate 95%
confidence limits for mean impedance vectors of the different
classification groups (the ellipse containing both the magnitude
and the phase angle of the mean vectors with 95% probability).
We called the “RXc mean graph” the average of R/H and Xc/H
plotted as arrowhead line segment with the 95% confidence
ellipse (Fig. 1).
Individual vector analysis. We calculated the bivariate 50%, 75%
and 95% tolerance limits [16] of the impedance vector in the
reference healthy population (that is, the ellipses within which the
vector of the individual subject falls with a probability of 50%,
75% and 95%, respectively; Figs. 2 and 3). One point vector from
an individual patient, either pre-HD or post-HD vector, was the
average value of the two BIA measurements taken from the
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patient over the two HD sessions (one after 48 hr interdialysis
period and the other after a 72 hr interdialysis period).
RESULTS
The results considering gender, study population, and HD
treatment effect on the impedance vector of 1367 patients (1116
stable and 251 unstable), are reported in Table 1. The two
components of the impedance vector were significantly linearly
correlated each other in all groups considered, although with r
values lower in HD patients than healthy subjects of either gender
(Table 1). This correlation accounted for the elliptical shape of
confidence and tolerance intervals of vectors in all groups (Figs. 1
to 3).
The correlation coefficients between either vector components
and age, dialytic age, BMI, hemoglobin, plasma albumin, and
oncotic pressure, are reported in Table 2. The square of the
highest r value indicated that less than 13% of either vector
component variability was explained by any protocol variables.
Group impedance vectors
Pre-dialysis evaluation. Significantly shorter and down-sloping
impedance vectors were observed in either HD group compared
with healthy population (non overlapping 95% confidence el-
lipses, Fig. 1). The position of group vectors from unstable
patients significantly differed from stable HD patients of either
gender (T2 5 49.4 in men, and 31.8 in women, P , 0.001), since
vectors of unstable patients were longer (Z/H 5 303 vs. 294
Ohm/m in men, and 373 vs. 355 Ohm/m in women) and with a
smaller phase angle (4.5° vs. 5.1° in men, and 4.2° vs. 4.7° in
women). A significant gender effect was observed in all groups,
with longer and less steep impedance vectors in women (Fig. 1).
Mean values of either vector component, adjusted for age, were
compared by the analysis of covariance (age as covariate). Ad-
justed R/H mean values significantly (P , 0.001) differed between
healthy and stable HD groups in men, and among all three groups
in women. Adjusted Xc/H mean values significantly (P , 0.001)
differed among the three groups in either gender. Therefore, the
pattern of vector positions before HD treatment was not signifi-
cantly influenced by different age of groups.
Post-dialysis evaluation. The vector displacement caused by fluid
removal (that is, the dZ 5 post-HD Z minus pre-HD Z), which
was comparable in men and women, differed between the HD
groups, being significantly shorter and less steep in unstable
patients (T2 5 28.4, P , 0.001 in men, and T2 5 7.3, P 5 0.03 in
women). Post-HD vectors were significantly longer than normal in
either HD groups (Fig. 1).
Fluid removal. The amount of fluid removal did not significantly
differ (Student’s t-test) between stable and unstable HD groups,
considering either the average of the two sessions (Table 1) or
each HD sessions, namely after the short interdialytic interval
(22.6 vs. 22.6 kg in men, and 22.4 vs. 22.2 kg in women) and
after the long interdialytic interval (22.6 vs. 22.6 kg in men, and
22.7 vs. 22.6 kg in women). Moreover, in all groups, the
correlation coefficients between changes in either vector compo-
nents and the amount of fluid removal were statistically significant
(P , 0.05) and ranging in the interval 20.52 , r , 20.24.
Individual vectors
To derive bedside application of BIA patterns associated with
the wet-dry weight cycling of HD patients, we plotted the vectors
Fig. 1. RXc mean graph, with the mean vectors (arrows) and the 95% confidence ellipses for men and women from the three classification groups:
healthy control subjects (dotted ellipse), stable hemodialysis patients (line dashed ellipse) and unstable hemodialysis patients (hatched ellipse).
Abbreviations are: R, resistance; Xc, reactance; H, height.
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recorded from single patients both pre- and post-HD on the
reference 50%, 75%, and 95% tolerance ellipses of the healthy
population. In Figures 2 and 3, two dotted ellipses depict the
distribution of 50% of individual vectors before and after HD,
from stable and unstable patients, respectively.
Pre-hemodialysis distribution. A greater number of vectors of the
unstable HD group fell out of the reference 75% tolerance ellipse
at the start of HD (43% vs. 27% in unstable vs. stable HD men,
and 41% vs. 31%, respectively, in women). However, the distri-
bution of the vectors falling out of the target boundary was
asymmetric (Fig. 2 and 3), since 15% more vectors from the
unstable HD group fell out of the right half boundary as com-
pared to the left half. Indeed, the vectors from 83% unstable
versus 68% stable HD male patients (X2 5 5.2, P 5 0.02), and
79% versus 63% stable HD female (X2 5 5.4, P 5 0.02), fell out
of the right half ellipse (particularly out of the lower right
quadrant). Therefore, a patient beginning a HD session with a
vector falling out of the right boundary of the normal reference
75% tolerance ellipse, had a greater probability of symptomatic
hypotension during treatment.
Post-hemodialysis distribution. A greater number of vectors of
the unstable HD group also fell out of the normal reference 75%
tolerance ellipse at the end of HD (59% vs. 44% in unstable vs.
stable HD men, and 54% vs. 46%, respectively, in women). The
asymmetry of the frequency distribution between unstable versus
stable patients was even greater at the end of dialysis (Figs. 2 and
3), in the order of 25%, as the vectors from 71% versus 45% men
(X2 5 15.7, P , 0.001), and 67% versus 42% women (X2 5 14.9,
P , 0.001), fell out of the right half ellipse (particularly out of the
upper right quadrant).
Oncotic pressure, albumin and hemoglobin
There was no stable, definite correlation between either vector
components and plasma albumin, oncotic pressure, and Hb in any
group (Table 2). On the other hand, hemoglobin weakly corre-
lated with either plasma albumin (0.10 , r , 0.25) or oncotic
pressure (0.10 , r , 0.29) in separate and pooled groups.
Furthermore, both albumin and Hb were significantly lower in
unstable HD patients (37 g/liter albumin and 96 g/liter Hb) as
compared to stable HD patients (40 g/liter albumin and 101 g/liter
Hb; T2 5 60.9, P , 0.001) with severe anemia (Hb , 80 g/liter)
and hypoalbuminemia (albumin , 30 g/liter) more frequent in
unstable as compared to stable patients (16% vs. 8% anemia, and
12% vs. 5% hypoalbuminemia) (X2 5 26.7 and X2 5 32.8, P ,
0.001, respectively).
DISCUSSION
Dry weight prescription based on symptoms induced by inap-
propriate fluid removal is a daily clinical dilemma in the absence
of objective criteria other than body wt [17]. From this study,
Fig. 2. Dotted ellipses represent the distribution of 50% impedance vectors from individual HD stable patients before (lower ellipse) and after fluid
removal (upper ellipse). Doubled headed arrows represent the vector cycling of the average stable patient before (center of the lower dotted ellipse)
and after HD (center of the upper ellipse). Dotted ellipses are plotted over the reference, gender-specific, 50%, 75% and 95% tolerance ellipses of the
healthy population. Using the scale of the Figure for R/H and Xc/H, we drew ellipses with the major and minor axes’ slopes of 69.30° and 220.70°,
respectively, in the men’s panel, and of 69.27° and 220.73° in the women’s panel. The semi-axis lengths of the men panel ellipses were 89 and 43 Ohm/m
for the 50% tolerance, 127 and 61 Ohm/m for the 75% tolerance, and 187 and 89 Ohm/m for the 95% tolerance ellipses. In the women’s panel ellipses,
the semi-axis lengths were 95 and 50 Ohm/m for the 50% tolerance, 135 and 71 Ohm/m for the 75% tolerance, and 199 and 105 Ohm/m for the 95%
tolerance [12]. Abbreviations are: R, resistance; Xc, reactance; H, height.
Italian HD-BIA Study Group: Dry weight prescription for HD 1039
conducted in a large HD population, we obtained important clues
for the routine monitoring of hydration independent of body wt.
By using direct impedance measurements we demonstrated that:
(1) The thrice weekly wet-dry weight cycling was bound to a cyclic
backward-forward displacement of the impedance vector over
definite elliptical areas on the R-Xc plane. The line of action of
vector displacement paralleled the major axis of the reference
tolerance ellipses from the healthy population. (2) About half of
Table 1. Mean values with standard deviation (SD) of protocol variables
Groups
Healthy
Before HD session After HD session
Stable HD Unstable HD Stable HD Unstable HD
Men Women Men Women Men Women Men Women Men Women
N 354 372 680 436 118 133 680 436 118 133
Age, years 49 48 58 60 63 65 58 60 63 65
SD 17 18 14 14 14 14 14 14 14 14
Dialytic age, years — — 6 6 5 6 6 6 5 6
SD — — 6 5 5 6 6 5 5 6
Height, cm 170 158 169 157 168 156 169 157 168 156
SD 8 7 8 7 7 7 8 7 7 7
BMI, kg/m2 24.9 24.5 23.6 23.5 24.1 24.3 23.6 23.5 24.1 24.3
SD 2.9 3.3 2.9 3.1 2.9 3.1 2.9 3.1 2.9 3.1
Weight, kg 72.6 61.5 68.6 59.4 69.2 60.1 65.8 56.8 66.3 57.7
SD 11.5 9.5 10.0 9.1 9.5 8.3 9.7 9.0 9.0 8.1
R, Ohm 507.0 587.4 492.9 554.1 505.0 577.4 577.6 655.6 587.5 673.2
SD 77.7 78.7 65.7 66.1 73.8 94.2 74.6 77.9 80.7 103.4
R/H, Ohm/m 298.6 371.9 292.6 353.6 302.0 371.5 343.0 418.5 351.3 433.2
SD 43.2 49.0 40.6 44.9 46.0 61.1 47.1 53.8 50.4 67.6
Xc, Ohm 52.3 54.3 44.4 45.9 39.9 42.9 59.6 62.2 51.3 56.7
SD 14.0 14.1 10.0 11.6 13.4 14.5 13.4 15.7 17.7 18.3
Xc/H, Ohm/m 30.8 34.4 26.3 29.3 23.8 27.6 35.4 39.7 30.6 36.5
SD 7.2 7.7 5.8 7.3 8.0 9.1 8.0 10.0 10.6 11.8
r(R,Xc) 0.47 0.41 0.32 0.38 0.31 0.28 0.35 0.42 0.36 0.33
Abbreviations are: HD, hemodialysis; R/H, resistance/height; Xc/H, reactance/height; BMI, body mass index.
BMI in HD patients was the average of pre- and post-HD BMI
r(R,Xc) 5 correlation coefficient between R and Xc
Fig. 3. Dotted ellipses represent the distribution of 50% impedance vectors from unstable individual hemodialysis patients before (lower ellipse) and
after fluid removal (upper ellipse). Symbols and reference tolerance ellipses were drawn as in Figure 2.
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uremic patients undergoing maintenance HD were cycling within
the third quartile of impedance vector distribution of the healthy
population. This allowed the identification of patients with full
versus either intermittent or no restoration of normal tissue
electrical conductivity. (3) About 20% of patients with recurrent
hypotension were characterized by longer, less steep vectors than
the stable patients either at the beginning or at the end of the HD
session. These vectors more frequently overshot the right bound-
ary of the reference 75% tolerance ellipse. (4) The different
vector position of unstable versus stable HD patients was associ-
ated with lower albumin and Hb concentrations, binding fluid
status, hemodynamic instability and malnutrition.
These results support a new operative definition for the optimal
wet-dry weight cycling. The definition of optimal includes pre- and
post-HD impedance vectors cycling within the third quartile
tolerance ellipse of the reference healthy population. However,
only the longitudinal phase of the study will establish whether
patients from either group with vectors cycling within the target
ellipse have better tolerance to HD treatment and a longer
survival. To evaluate whether BIA information could be success-
fully used to modify dialysis prescription and improve outcomes, a
further intervention study should be performed in which 50% of
patients were provided impedance vector data and 50% were not
given the data.
Patients in the current study were classified according to their
response to a dry weight target into an unstable group if hypo-
tension occurred with fluid removal and into stable group if they
remained asymptomatic. This might include a percentage of
longer vectors from asymptomatic patients (still tolerating inap-
propriate fluid removal) and a percentage from unstable patients
with symptomatic hypotension (possibly improving after less fluid
removal). Therefore, the routine bedside use of the RXc graph in
monitoring hydration of patients is expected to be of benefit to
most patients whose vectors fall out of the reference 75%
tolerance ellipse. Furthermore, the lower albumin and Hb con-
centration in unstable patients indicate that metabolic and nutri-
tional factors are likely involved in the dialytic tolerance.
The low phase angle in the unstable HD group was close to that
found by others in HD and in AIDS patients with the highest
mortality rate over two years [18–20]. Interestingly, the slope of
vector displacement after comparable fluid removal was also less
steep in unstable versus stable HD patients (Fig. 1). However,
contrary to literature indications [18–20], the interpretation of
phase angle values should not be made independently of vector
magnitude (that is, Xc independent of R values) since R and Xc
are correlated in living anisotropic tissues and both impedance
components are dependent on tissue structure [4]. Thus, vector
displacements parallel to the major axis of tolerance ellipses
would indicate changes in tissue hydration with preserved tissue
structure, and vector displacements following different trajecto-
ries would indicate combined changes in tissue structure and
hydration [8, 21, 22]. For instance, as depicted in Figure 4, a bad
prognosis for HD and AIDS patients was indicated by vectors with
phase angles smaller than 4.5°, but with normal R values, which
was attributed to altered cell membrane or function [18–20].
Neglecting vector magnitude would attribute a worse prognosis to
patients with fluid overload (shorter and down-sloping vectors,
out of the 75% tolerance ellipse), and a better prognosis to
dehydrated patients (longer and steeper vectors) [8] (Fig. 4).
The RXc graph method is a property-based method [1] using
the bivariate SD of the measured electrical properties, requiring no
assumption on body components nor models, and providing a
qualitative indication for hydration through a comparison of the
measured tissue property with percentiles from a reference
healthy population (that is, transforming the continuous, bivari-
ate, impedance vector into an ordinal scale for ranking hydration).
The vector standardization by the length of the conductor (Z/H,
Ohm/m) controls for the different stature of individuals and
represents impedance with the dimension of specific impedivity
(Ohm 3 m) per cross-sectional area (m2) of the body. In contrast,
the conventional BIA approach, including multifrequency BIA,
interprets the impedance index H2/R as an electrical volume,
based on the unrealistic assumptions on human body as an
isotropic, cylindrical conductor with constant resistivity and cross
sectional area [1–3]. We are cautious in accepting from literature
that either individual component of the impedance vector reflect
changes in specific fluid compartments (such as intracellular,
extracellular, or their ratio) [2, 23, 24]. In fact, anisotropic
structure of tissues is thought to invalidate even multifrequency
BIA models predicting extracellular and intracellular fluid com-
partments, based on current flow through suspended cells [2, 4].
Unfortunately, our results cannot be compared with HD BIA
studies reviewed in the literature [17], due to one or more of the
following reasons: (1) gender was not considered; (2) the Xc
component was neglected; (3) only the phase angle was consid-
ered; (4) the BIA measurements were taken at different time
points after the HD session, from minutes to 24 hours. However,
similar average values for R and Xc in different HD populations
have nevertheless been reported [6, 11, 18, 19, 25–27]. In contrast
with other variables undergoing post-HD rebound (such as urea),
Table 2. Linear correlation coefficient (r) between either component of the impedance vector and protocol variables
Groups
Stable HD Unstable HD
Men (N 5 680) Women (N 5 436) Men (N 5 118) Women (N 5 133)
R/H Xc/H R/H Xc/H R/H Xc/H R/H Xc/H
Age, years 0.25a 20.24a 0.08 20.36a 0.33a 20.08 0.11 20.34a
HD age, years 0.03 20.15a 0.02 20.16a 20.15 20.07 0.16 0.08
BMI, kg/m2 20.32a 20.06 20.25a 20.12a 20.27a 0.24a 20.34a 20.05
Hemoglobin, g/liter 0.06 0.07 0.03 0.09 20.04 0.14 0.20a 0.16
Albumin, g/liter 20.01 0.19a 0.04 0.27a 20.02 0.16 0.05 0.17
Oncotic pressure, mm Hg 0.05 0.08 0.03 0.08 0.03 20.04 0.08 0.01
Abbreviations are in Table 1.
a P , 0.05
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negligible variations have been documented for impedance mea-
surements on 50 kHz frequency after HD in our hands (data not
shown) and in literature, where either R values decreased by 1.5%
with no change in Xc after 90 minutes [18], or impedance values
increased by 1.9% after 180 minutes [17].
The RXc graph method could reconcile apparently conflicting
results from most BIA studies, as the variability of most prediction
equations can be explained in part by the geometrical properties
of the impedance index (that is, hyperbolic function predicting
more biased TBW and fat-free mass for shorter vectors) [28]. For
instance, the same conventional BIA regression equations in
different HD patients either overestimated TBW by 2.6 kg
(post-HD measurements) [6] or underestimated TBW by 3.5 kg
(pre-HD measurements) [29], with 95% limits of agreement
larger than 6 5 kg, and with differences correlated with average
values of predictions. Other body composition methods (such as
anthropometry, DXA, isotope dilution, and hydrodensitometry)
should also be used with confidence in HD patients only once
impedance vectors have been found to fall within the 75%
tolerance interval for the healthy population, where subjects
recruited for cross-validation of methods most likely fell.
The weak correlation between either vector components and
the amount of fluid removed by HD treatment was in the order of
that reported by others using either single or multiple frequency
BIA [11, 17, 18, 25], which was independent on variations in
serum electrolytes for a fixed amount of fluid removal [18], and in
contrast with the good correlation found in surgical patients over
one week [24]. Time delay effect cannot be determined in HD
patients since fluid retention begins soon after removal. Never-
theless, in this study we proved that impedance was related to
body composition independent of height and weight, thereby
establishing validity of BIA in this setting [30]. Indeed, we
detected changes in tissue impedivity (changes in tissue hydration
and structure) [4] driven by intradialysis refilling process of the
intravascular compartment (counteracting blood volume removal)
[17] and by interdialysis fluid repletion. Tissue structure was
involved in achieving dry weight through fluid extraction against a
progressively negative interstitial pressure, since in subjects with-
out apparent edema most interstitial fluid is in a gel form (bound
in a proteoglycan meshwork) [31]. After interdialysis fluid reple-
tion, in addition to gel hydration, an interstitial free fluid compo-
nent of wet wt due to a positive interstitial fluid pressure [31],
would be indicated by short vectors falling out of the lower pole of
the reference 75% tolerance ellipse [8].
In practice, vectors with normal phase angle can be easily
brought to cycle within the target tolerance ellipse, by prescribing
more or less hydration for longer or shorter vectors, respectively.
However, vectors with a reduced phase angle, as is found in many
unstable HD patients, will continue to cycle out of the target
tolerance ellipse despite the different hydration prescription. An
intensive nutritional program, including better correction of ane-
mia, through restoration of tissue structure (both cellular and
interstitial), is expected to bring these vectors to cycle within the
target range. On the other hand, in unstable patients with vectors
actually cycling within the target, pathophysiologic mechanisms
different from hydration must be postulated (such as cardiac
disorders without evidence of cardiac failure).
Finally, due to the selection-exclusion criteria of the study
population, extrapolation of our results may not only be possible
to races other than Caucasian, and to uremic patients with kidney
graft failure, but also to patients with important associated clinical
conditions, particularly heart and liver failure.
In conclusion, the wet-dry weight cycling of HD patients was
represented on the R-Xc plane with a cyclical, backward-forward
displacement of the impedance vector with a line of action parallel
to the major axis of the reference tolerance ellipses, and with a
less scattered distribution at the start of HD. Moreover, the
vectors of patients prone to hemodynamic instability during the
HD treatment were less steep and more often shifted to the right,
out of the reference of the 75% tolerance ellipse, than stable
patients. Wet-dry weight prescription based on BIA indication
would bring these vectors back into the 75% reference ellipse,
where tissue electrical conductivity is restored. A longitudinal
study is required to establish whether or not patients from either
group with vectors cycling within the normal third quartile ellipse
have better outcomes.
Fig. 4. A phase angle with the critical prognostic value of 4.5° obtained
from literature, is depicted on data from male healthy subjects, and renal
and AIDS patients. Small hatched ellipses are the 95% confidence ellipses
of mean vectors from healthy subjects and hemodialysis patients as in
Figure 1. The open ellipse is the 95% confidence ellipse of the mean
vector from 25 renal patients with apparent edema not undergoing dialysis
treatment, and described elsewhere [22]. Vectors indicated by broken
arrows a to e are the mean vectors from 75 AIDS patients (Caucasian
adult males) whose estimated survival after 30 months was 90%, 80%,
50%, 15%, and 3%, respectively [20]. Hemodialysis patients with vector
phase angles smaller than 4.5° had a two-year survival that was worse than
patients with steeper vectors either in the Caucasian population (postdi-
alysis, lower quartile phase angle) [18] or in a multiracial American
population (predialysis, lowest two quintile phase angle) [19].
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APPENDIX
Abbreviations used in this article are: BIA, bioelectrical impedance
analysis; DXA, dual energy X-ray absorptiometry; H, height; Hb, hemo-
globin; HD, hemodialysis; R, resistance; TBW, total body water; Xc,
reactance.
Free software available for RXc graph, at e-mail: apiccoli@ux1.unipd.it
Reprint requests to Prof. Antonio Piccoli, Istituto di Medicina Interna, Via
Giustiniani, 2, I-35128 Padova, Italy.
E-mail: apiccoli@ux1.unipd.it
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